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Propagation  on  Modulated  Corrugated  Rods* 
by  C,  C,  Wang"*"  and  E.  T,  Kornhauser 
Division  of  Engineering,  Brown  University 
Providence  12,  Rhode  Island 

Abstract 

The  velocity  of  surface-wave  propagation  on  two  types  of  axially 
modulated  corrugated  rods  has  been  measured  experimentally.  Type  A  has  a 
constant  outer  diameter  and  sinusoidally  varying  slot  depth,  while  in  type  B 
the  slot  depth  varies  in  virtue  of  a  modulated  outer  diameter.  In  both 
cases  the  measured  phase  velocity  is  about  ten  percent  less  than  that  for  a 
unifomily  corrugated  rod  with  the  average  slot  depth  and  outer  diameter, 
but  agrees  within  two  percent  o'ser  the  frequency  range  used  with  the  value 
calculated  from  an  analysis  based  on  the  Mathieu  equation, 

I.  Introduction 

Interest  in  the  properties  of  modvilated  surface-wave  structures  stems 

from  their  application  as  end-fire  antennas,^  Further  work  has  indicated 

2 

the  possibility  of  producing  radiation  in  other  desired  directions  ,  and 
most  recently  a  technique  has  been  presented  for  designing  the  modulations 
of  a  plane  corrugated  sui^face  so  as  to  support  several  slow  waves  simulta¬ 
neously,^ 

The  analysis  of  the  radiation  chai’acteristics  of  finite  lengths  of 
such  structures  has  been  based  on  the  surface-wave  propagation  properties 

This  work  is  part  of  a  thesis  submitted  by  one  of  the  authors  [C.  C,  ¥,] 
to  Brown  University  for  the  M,Sc,  degree. 

Now  at  Jet  Propulsion  Lab,,  Cal,  Inst,  of  Tech,,  Pasadena,  Cal, 
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of  the  infinitely  long  stnictnre.  To  that  end  experiments  were  performed 
on  two  types  of  corrugated  cylinders,  which  are  the  most  useful  configuration, 
for  practical  application,  and  their  surface-wave  phase  velocity  measured  as 
a  function  of  frequency.  The  infinitely  long  structure  was  simulated  by  the 
use  of  parallel  reflecting  planes  at  each  end. 

Structure  A,  shown  in  figure  (l),  is  a  cylinder  with  constant  outer 
diameter  of  0,85",  whose  inner  diameter  (at  the  bottom  of  the  slots)  varies 
sinusoidally  in  the  axial  direction  between  0,ii"  and  0.85".  The  average 
inner  diameter  is  thus  0,625"  and  the  average  slot  depth  0.1125".  The  width 
of  each  slot  is  .05",  and  their  spacing  is  0,1",  The  stnicture  was 
constructed  by  stacking  brass  washers  of  .05"  thickness  and  various  diameters 
on  a  steel  rod  0,2"  in  diameter  with  sufficient  axial  pressure  to  insure  good 
electrical  contact  between  washers.  The  axial  period  of  the  modulation  is 

I. 2",  and  the  whole  structure  is  about  11"  long. 

Structure  B,  shown  in  figure  (2)  mounted  between  its  reflecting  end 
plates,  was  constructed  in  a  similar  manner,  but  had  a  constant  inner 
diameter  of  O.It"  and  an  outer  diameter  varying  sinusoidally  over  the  same 
O.lt  -  0,85"  range.  The  slot  width  is  the  same  as  in  A,  but  the  slot 
spacing  is  0,l5",  so  that  the  modulation  period  is  lo8",  and  the  total 
length  is  about  lU", 

II,  Experimental  Measurements, 

The  phase  velocity  of  the  surface  wave  propagating  on  infinite  lengths 
of  the  two  structures  described  in  section  I  was  measured  by  determining  the 
wavelength  of  the  standing  wave  on  the  structures  when  mounted  between 
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parallel  reflecting  planes.  The  reflectors  were  circular  alTjininum  plates, 
about  l8"  in  diameter,  accurately  alligned  parallel  to  each  other  and 
perpendicular  to  the  axis, of  the  rods  by  means  of  the  adjustable  supports 
shown  in  figure  (2).  The  planes  were  located  at  either  a  minimum  or 
maximum  slot  depth  so  as  to  preserve  the  periodicity  of  the  structure  and 
its  image. 

Energy  from  a  Varian  X-13  reflex  klystron  was  introduced  at  one  end  by 
means  of  a  coaxial  line  coupled  through  a  small  hole  in  the  center  of  the 
circular  plate.  The  frequency  was  varied  over  a  range  from  about  8*3  to 
"9.7  kmc.  and  measured  by  means  of  a  cavity  wavemeter.  The  wavelength  of 
the  resulting  standing-wave  pattern  was  determined  from  the  average  distance 
between  minima  when  the  structure  was  in  resonance.  The  minima  were  located 
with  a  loop-type  probe  mounted  on  a  travelling  carriage,  as  shown  in  fig¬ 
ure  (3),  so  as  to  traverse  a  path  parallel  to  and  about  3  cm.  away  from  the 
rod  axis . 

The  results  of  these  measurements  as  a  function  of  free-space  wavelength 
are  shown  on  figure  (U),  where  it  may  be  seen  that  they  are  in  good  agreement 
with  the  results  of  the  analysis  to  be  described  in  the  following  section. 

III.  Analysis. 

The  theory  of  uniform  corrugated  rods  has  been  examined  in  considerable 
detail^*^  and  also  checked  experimentally. If  one  may  assume  that  the 
corrugations  of  the  structures  investigated  here  vary  slowly  enough  relative 
to  the  wavelength,  the  propagation  should  be  described  by  an  equation  of  the 
form 
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where  is  a  periodic  function  of  z  whose  value  at  any  point  may  be 
obtained  by  inserting  the  inner  and  outer  diameters  at  that  point  into  the 
formulae  of  references  (U)  or  (^),  Such  a  formula  for  the  circularly 
symmetric  TM  wave  is  given  as  ^ 


■  P  ■  Y  •  KjTa) 


where  ft  *=  2itA  •  a  and  b  are  the  outer  and  inner  diameters  respectively, 
^  o  o  ^ 

2  2  2 

p  is  the  slot  spacing,  w  is  the  slot  width,  y  “  P  “  Po  * 
p  ■  2TrA  “  “ /Yp  >  where  X  is  the  guide  wavelength.  Since  a  or  b  are 
sinusoidally  varying  functions  of  z  in  structures  A  and  B  ,  the  resulting 
values  of  p  ,  and  hence  lAp^  ,  will  be  periodic  fvinctions  of  z  also, 
although  not  sin5)ly  sinusoidal.  Let 

F(z)  =  “  ^o  ^  ^1  *  ^2  +  .  .  •  t  (3) 

where  d  is  the  axial  period  of  the  modulation,  so  that  equation  (l)  takes 
the  form 

2 

^  F(z)  t  “  0  »  (W 

az 

where  F(z)  is  periodic  with  period  d  •  Equation  (U)  is  Hill's,  equation, 
which  reduces  to  the  one-dimensional  wave  equation  when  only  the  first  term 
in  (3)  is  retained  and  to  the  Mathieu  equation  when  only  the  first  two  terms 
are  retained. 
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The  crudest  approximation  one  can  make  in  equation  (I4.)  is  to  assume 

2 

F(z)  is  a  constant  equal  to  the  value  of  lAp  at  the  average  value  of 
outer  diameter  and  slot  depth.  The  resulting  values  of  Vp/c  were  cal¬ 
culated  from  equation  (2)  as  a  function  of  and  are  shown  by  the  dashed 

curves  in  figure  (li).  It  may  be  seen  that  these  curves  are  about  ten  per¬ 
cent  higher  than  the  experimental  points.  This  discrepancy  is  not  surprising 
when  one  considers  that  the  amplitude  of  the  modulation  in  these  rods  was 

quite  large  and  that  the  minimum  value  of  v  (z)  deviates  considerably  more 

P 

from  the  value  for  the  average  diameter  than  does  the  maximum,  as  indicated 
in  figure  (5). 

The  form  of  F(z)  shown  in  figure  (^)  suggests  that  a  reasonable  fit 

to  F(z)  could  be  made  with  the  first  three  terms  of  the  Fourier  series  as 

in  equation  (3).  An  approximate  evaluation  of  the  three  coefficients  C  , 

o  ' 

,  and  Cg  can  be  made  with  only  the  three  values  of  F(z)  at  its 
maximum,  its  minimum,  and  at  a  point  halfway  between  them.  The  equations 
relating  the  coefficients  to  these  values  are  then 


F  ■  G  +  CL  +  Cr 
max  0^2 


r/2  o  2 

F»  =  C  -  Ct  +  C„  , 

min  o  1  2  * 


from  which  one  obtains 


C  •=  i  F-  ^  (F  _  F  •  ) 
o  2  1/2  4  '■  max  min^ 

1  d  max  mm 
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The  approximate  curve  resulting  from  the  use  of  these  three  terms  is  shoTO 
also  in  figure  (5)  for  the  case  depicted  there.  It  is  of  course  possible 
to  use  as  a  better  average  value  of  F(z)  and  to  calculate  the  phase 

velocity  for  the  structure  from  it,  as  in  the  preceeding  paragraph,  but 
these  values,  while  closer  to  the  experimental  points,  are  still  considerably 
in  error.  A  better  approximation  is  obtained  by  retaining  the  first  two 
terms  of  the  expansion,  and  ,  so  that  equation  (U)  becomes  the 
Mathieu  equation. 

If  one  reduces  the  periodicity  from  d  to  n  by  letting  ?  =  ff*/d 
and  furthermore  sets 


T)  »  CD^d^  Cyir^ 

Y  -  C^/ir^  , 


(7) 


the  equation  of  propagation  takes  the  form 


~  ♦  (t)  +  T  C0S2C)  u=0  ,  (8) 

d€ 

O 

which  is  the  form  of  the  Mathieu  equation  as  discussed  by  Brillouin.  This 
equation  has  solutions  of  the  form 


u(C)  =  kiX)  , 


(9) 


where  A(g)  is  a  periodic  function  with  period  n  ,  and  m  is  the  desired 
propagation  constant.  For  certain  ranges  of  the  parameters  r)  and  y 
value  of  m  is  real,  corresponding  to  unattenuated  propagating  waves .  These 
regions  are  indicated  by  the  shaded  portions  of  the  t)  - y  plane  shown  in 
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figure  (6).  The  unshaded  portions  correspond  to  coii5)lex  values  of  m  ,  and 
for  these  values  of  the  parameters  no  propagating  wave  is  possible.  The 
values  of  m  on  each  of  the  boundary  lines  between  the  pass  and  stop  regions 
are  integers  and  are  indicated  on  the  curves.  To  find  the  value  of  m  for 
points  lying  within  the  shaded  regions  one  must  interpolate  between  the 
integral  values  on  either  side  of  the  region,  since  the  computation  of  m  for 
arbitrary  "n  and  y  is  too  difficult.  The  values  of  t)  and  y 
boundary  lines,  corresponding  to  integral  m  ,  however,  may  be  obtained  from 

9 

N.B.S.  tables  .  Clearly  for  small  values  of  y  >  is  given  simply  by 

,  which  is  also  obvious  from  equation  (8).  The  values  of  y  involved 
in  the  present  investigation  are,  however,  in  the  range  from  11/2  to  t)  , 
and  the  corresponding  deviation  of  m  from  is  quite  significant. 

Having  determined  the  value  of  m  by  interpolation  from  figure  (6), 
one  can  finally  calciilate  the  guide  wavelength  X  from 

X  =  2d/m  , 

and  Vp/c  =  =  2d/mX^  .  (lO) 

The  calculations  outlined  in  the  preceeding  paragraphs  have  been  carried 
out  for  two  values  of  X^  for  each  of  the  two  structures, .-and  the  Results  .1. 
are  shown  in  table  (I)  as  well  as  plotted  on  figure  (ii).  It  may  be  seen  that 
the  final  results  of  this  calculation  agree  with  the  esq^erimental  points  to 
within  about  two  percent  over  the  frequency  range  in  which  the  calculations 
were  performed,  Ilirther  refinement  is  not  warrented  by  the  experimental  data, 
and  in  any  case  a  calculation  from  Hill's  equation  using  a  greater  number  of 
terms  in  the  Fourier  series  for  F(z)  becomes  too  difficult. 
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IV,  Conclusions, 

From  the  agreement  between  the  theoretical  curve  and  the  experimental 
points  on  figure  (U)  one  can  conclude  that  the  analysis  of  these  modulated 
surface-wave  structures  by  means  of  a  Mathieu  equation  is  fairly  accurate, 
in  spite  of  the  rather  wide  slots  in  these  structures,  the  crudeness  6£  the 
approximation  to  F(z),  and  the  fact  that  d  and  X  were  of  the  same  order 
of  magnitude .  One  notes, as  is  to  be  expected,  that  the  agreement  is  better 
in  those  cases  where  the  modulation  is  less  severe,  but  even  where  F(z)  varies 
over  a  four-to-one  range,  the  result  is  not  greatly  in  error. 

Concerning  the  properties  of  modulated  corrugated  rods  in  general,  one 
notes  that  is  more  nearly  independent  of  frequency  than  for  a  uniform 

rod.  The  tendency  of  to  decrease  with  decreasing  wavelength  is  compen¬ 

sated  by  the  fact  that  C^  moves  closer  to  the  minimum  of  F(z)  as  the 
form  of  F(z)  becomes  more  peaked.  On  the  other  hand  the  effect  of  increasing 
the  modulation,  and  hence  C^  ,  for  a  given  C^  ,  in  the  range  of  parameters 
used  here  is  to  decrease  m  ,  or  increase  v^  ,  but  this  is  not  universally 
time  nor  is  it  the  dominant  effect  here.  There  is  also  very  little  dif¬ 
ference  between  structures  A  and  B  with  respect  to  dispersion. 

Finally  with  more  extensive  observation  over  the  possible  range  of  t) 

and  Y  ,  one  should  be  able  to  demonstrate  the  existence  of  the  stop  bands 
predicted  in  figure  (6),  but  no  such  effect  was  observed  in  the  experiments 
performed  here. 
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(a)  STRUCTURE  A,  d  =  3,0^  cm. 
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FIG.  6  CHART  FOR  DETERMINING  CHARACTERISTIC  VALUES  FOR  MATHIEU  EQUATION 
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Engineering  and  Technical  Division 
Washington  2^,  D.C. 

Attn:  SIGNET-5 

Advisory  Group  on  Electronic  Parts 
Room  103,  Moore  School  Building 
200  South  33  rd  Street 
Philadelphia  li,  Pennsylvania 
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ASTIA  10 

Arlington  Hall  Station 
Arlington  12 ^  Virginia 

National  Aeronautical  Space  Agency  1 

Langley  Aeronautical  Research  Laboratory 
Langley,  Virginia 
Attn:  Mr.  Cliff  Nelson 

Library  1 

National  Bureau  of  Standards 
Boulder  Laboratories 
Boulder,  Colorado 

National  Bureau  of  Standards  1 

U,  S,  Department  of  Commerce 
Washington  2^,  D.C. 

Attn:  Mr.  A.  G.  McNish 

National  Bureau  of  Standards  1 

U,  S,  Department  of  Commerce 
Washington  2^,  D.C, 

Attn:  Gustave  Shapiro,  Chief 

Engineering  Electronics  Section 
Electricity  and  Electronics  Division 

Director  1 

National  Security  Agency 
Fort  George  G.  Meade,  Maryland 
Attn:  C3lUl  (Hoorn  2008?) 

AFCRL,  Office  of  Aerospace  Research  (CREELT)  10 

L.  G.  Hanscom  Field 
Bedford,  Massachusetts 

AFCRL,  Office  of  Aerospace  Research  (CRRD)  2 

Attn:  Contract  Files 
L.  G.  Hanscom  Field 
Bedford,  Massachusetts 

AFCRL,  Office  of  Aerospace  Research  (CRRD)  3 

Attn:  Carlyle  J.  Sletten 
.  L.  G.  Hanscom  Field 
Bedford,  Massachusetts 
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Hq.  ESD  (ESRDW,  Capt.  John  J.  Hobson) 
L.  G.  Hanscom  Field 
Bedford,  Massachusetts 

NASA  (Dr.  R.  V.  Hess) 

Langley  Research  Center 
Hampton,  Virginia 

Director,  Avionics  Division  (AV) 
Bureau  of  Aeronautics 
Department  of  the  Navy 
Washington  25,  D.C. 

Commander 

U,  S,  Naval  Air  Missile  Test  Center 
Point  Mugu,  California 
Attn:  Code  366 

Librarian 

U,  S,  Naval  Post  graduate  School 
Monterey,  California 

Director 

U.  S.  Naval  Research  Laboratory 
Washington  25,  D.C, 

Attn:  Code  2027 

Dr,  J.  I.  Bohnert,  Code  5210 
U.  S.  Naval  Research  Laboratory 
Washington  25,  D.C. 

Chief  of  Naval  Research 
Department  of  the  Navy 
Washington  25,  D.C. 

Attn:  Code  U27 

Commanding  Officer 
U.  S.  Naval  Air  Development  Center 
Johnsville,  Pennsylvania 
Attn:  NADC  Library 
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Commanding  Officer  and  Director 

U.  S.  Navy  Electronics  Laboratory  (Library) 

San  Diego  ^2,  California 

Chief,  Bureau  of  Ordnance 
Department  of  the  Navy 
Surface  Guided  Missile  Branch 
Washington  2^,  D.C. 

Attn:  Code  ReSl-3 

Department  of  the  Navy 
Bureau  of  Aeronautics 
Technical  Data  Division,  Code  i(106 
Washington  2^,  D.C. 

Commander 

U.  S.  Naval  Air  Test  Center 
Patuxent  River,  Maryland 
Attn;  ET-31^,  Antenna  Branch 

ARDC  Regional  Office 
c/o  Department  of  the  Navy 
Room  h$k9)  Munitions  Building 
Washington  25,  D.C, 

Airborne  Instruments  Laboratory,  Inc, 
Division  of  Cutler  Hammer 
Walt  Whitman  Road 
Milville,  L,  I.  New  York 
Attn;  Library 

Aircom,  Inc, 

US  Cummington  Street 
Boston,  Massachusetts 

ACF  Industries,  Inc. 

Southeast  Comer,  52nd  Avenue 
and  Jackson  Street 
Bladensburg,  Prince  George's  County 
Maryland 
Attn;  Librarian 
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Bat telle  Memorial  Institute 
King  Avenue 
Columbus  If  Ohio 

Attn:  Wayne  E.  Rife,  Project  Leader 

Electrical  Engineering  Division 

Bell  Aircraft  Corporation 

Post  Office  Box  One 

Buffalo  5,  New  York 

Attn:  Eunice  P.  Hazelton,  Librarian 

Bell  Telephone  Laboratories 
Murray  Hill 
New  Jersey 

Bell  Telephone  Laboratories,  Inc, 
Whippany  Laboratory 
Whippany,  New  Jersey 
Attn:  Technical  Information  Library 

Aerospace  Corp. 

Box  9^08^ 

Los  Angeles  IS,  California 
Attn:  Library 

Bendix  Radio  Division 
Bendix  Aviation  Corporation 
E.  Joppa  Road 
Towson  It,  Maryland 
Attn:  Dr,  D.  M.  Allison,  Jr, 

Director  Engineering  &  Research 

Bjorksten  Research  Laboratories,  Inc, 

P.  0,  Box  26^ 

Madison,  Wisconsin 
Attn:  Librarian 

Boeing  Airplane  Conpany 

Pilotless  Aircraft  Division 

P.  0.  Box  3707 

Seattle  2U,  Washington 

Attn:  R.  R,  Barber,  Library  Supervisor 
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Chance  Vought  Aircraft,  Inc, 

931U  West  Jefferson  Street 
Dallas,  Texas 

Attn;  A,  D.  Pattullo,  Mbrarian 

Chance  Vought  Corporation 
Vought  Electronics  Division 
P.  0.  Box  5907 
Dallas  22,  Texas 

Chu  Associates 
P.  0.  Box  387 
Whitcomb  Avenue 
Littleton,  Massachusetts 

Collins  Radio  Company 
85^  35th  Street,  N.E. 

Cedar  Rapids,  Iowa 
Attn:  Dr.  R.  L.  McCreary 

Collins  Radio  Company 
1200  North  Alma  Road 
Richardson,  Texas 
Attn;  C,  D.  Tipton 

Convair,  A  Division  of  General  Dynamics  Corp. 
Port  Worth,  Texas 
Attn:  K.  G.  Brown 

Division  Research  Librarian 

Convair,  A  Division  of  General  Ilynamics  Corp. 
3165  Pacific  Highway 
San  Diego  12,  California 
Attn;  Mrs,  Dora  B,  Burke 

Engineering  Librarian 

Cornell  Aeronautical  Laboratoiy,  Inc, 

Genesee  Street 
Buffalo  21,  New  York 
Attn;  Librarian 
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Dalmo  Victor  Company 
A  Division  of  Textron,  Inc, 

Industrial  Way 
Belmont,  California 

Attn:  Mary  Ellen  Addems,  Technical  Librarian 

Dome  and  Margolin,  Ihc, 

29  New  York  Avenue 

Westbury,  Long  Island,  New  York 

Douglas  Aircraft  Company,  Inc, 

827  Lapham  Street 
El  Segundo,  California 
Attn:  Engineering  Library 

Douglas  Aircraft  Coit^jany,  Inc. 

3000  Ocean  Park  Boulevard 
Santa  Monica,  California 
Attn:  Peter  Duyan,  Jr, 

Chief,  Electrical/Electronics  Section 

Douglas  Aircraft  Company,  Inc. 

2000  North  Memorial  Drive 
Tulsa,  Oklahoma 

Attn:  Engineering  Librarian,  D-250 

Electromagnetic  Research  Corporation 
^001  College  Avenue 
College  Park,  Maryland 
Attn;  Mr,  Martin  Katzin 

Electronics  Communication 
1830  York  Road 
Tiraonium,  Maryland 

Electronic  Specialty  Company 
^121  San  Fernando  Road 
Los  Angeles  39,  California 
Attm  ’  Donald  L.  Margerum 

Chief  Engineer,  Radiating  Systems  Division 

Emerson  Electric  Mfg,  Company 

8100  West  Florissant  Avenue 

St.  Louis  21,  Missouri 

Attn:  Mr.  E.  R,  Breslih,  Librarian 
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Emerson  Radio-Phonograph  Corp. 

Emerson  Research  Laboratories 
701  Lament  Street,  N,W. 

Washington  10,  D.C, 

Attn:  Mrs.  R.  Corbin,  Librarian 

Fairchild  Aircraft-Missiles  Division 
Fairchild  Eng.  and  Airplane  Cor. 

Hagerstown,  Maryland 
Attn:  Library 

Federal  Telecommunication  Laboratories 
^00  Washington  Avenue 
Nutley  10,  New  Jersey 
Attn:  Technical  Library 

General  Electric  Company 
Electronics  Park 
Syracuse,  New  York 
Attn:  Documents  Library 

B.  Fletcher,  Building  3-1U3A 

General  Electric  Company 
Missile  and  Space  Vehicle  Department 
3198  Chestnut  Street 
Philadelphia,  Pennsylvania 
Attn;  Doc\aments  Library 

Gabriel  Electronics  Division 
Main  and  Pleasant  Streets 
Minis,  Massachusetts 
Attn:  Dr.  Edward  Altshuler 

General  Electric  Comapny 
3750  D  Street 

Philadelphia  2U,  Pennsylvania 
Attn;  Mr.  H.  G.  Lew 

Missile  and  Space  Vehicle  Department 
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General  Precision  Laboratory,  Inc, 

63  Bedford  Road 
Pleas antville,  New  York 
Attn:  Librarian 

Gooc^ear  Aircraft  Corporation 
1210  Massillon  Road 
Akron  1^,  Ohio 
Attn:  Library,  Plant  G 

Granger  Associates 

Electronic  Systems 

97U  Commercial  Street 

Palo  Alto,  California 

Attn:  John  V.  N.  Granger,  President 

The  Hallicrafters  Company 
^th  and  Kostner  Avenues 
Chicago  2kj  Illinois 

Attn;  Henry  Hodara,  Head  of  Space  Communication 

Hughes  Aircraft  Company 
Antenna  Department 
Building  12,  Mail  Station  27lU 
Culver  City,  California 
Attn;  Dr.  ¥.  H,  Kummer 

Hughes  Aircraft  Company 
Florence  Avenue  and  Teale  Streets 
Culver  City,  California 
Attn;  Louis  L.  Bail in 

Manager,  Antenna  Dept. 

ITT  Laboratories 
3700  East  Pontiac  Street 
Fort  Wayne  1,  Indiana 
Attn;  Technical  Library 

Jansky  and  Bail^,  Inc, 

1339  Wicsonsin  Avenue,  N.¥, 

Washington  7,  D.C, 

Attn;  Mr,  Delmer  C.  Ports 
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Dr,  Henry  Jasik,  Consulting  Engineer 
298  Shames  Drive 
Brush  Hollow  Industrial  Park 
Westbury,  New  York 

Lockheed  Aircraft  Corporation 

2555  N.  Hon^ood  Way 

California  Division  Engineering  Library 

Department  72-2^,  Plant  A-1,  Building  63-1 

Burbank,  California 

Attn;  N.  C.  Harnois 

Lockheed  Aircraft  Corporation 

Missile  Systems  Division  Research  Library 

Box  5oU,  Sunnyvale,  California 

Attn:  Miss  Eva  Lou  Robertson,  Chief  Librarian 

The  Martin  Coitpany 
P.  0.  Box  179 
Denver  1,  Colorado 
Attn:  Mr,  Jack  McCormick 

The  Martin  Company 
Baltimore  3>  Maryland 
Attn:  Engineering  Library 
Antenna  Design  Group 

McDonnell  Aircraft  Corporation,  Dept,  GWx 
Box  516,  St,  Louis  66,  Missouri 
Attn;  C,  E.  Zoller 

Engineering  Library 

Melpar,  Inc . 

3000  Arlington  Boulevard 

Falls  Church,  Virginia 

Attn;  Engineeid.ng  Technical  Library 

Hughes'.Aircraft  Corrpany 

Attn:  Mr,  L.  Stark,  Microwave  Dept, 

Radar  Laboratory,  P.  0.  Box  2097 
Building  6OO,  Mail  Station  C-1^2 
Fullerton,  California 
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The  Mitre  Corporation 
Wood  Street 

Lexington  73,  Massachusetts 

Attn:  Mrs,  Jean  E.  Glaflin,  Librarian 

Motorola,  Inc. 

Phoenix  Research  Laboratory 
3102  N.  56th  Street 
Phoenix,  Arizona 
Attns  Dr,  A.  L.  Aden 

National  Research  Council 
Radio  &  Electrical  Engineering  Division 
Ottawa,  Ontario,  Canada 
Attn:  Dr.  G.  A.  Miller,  Head 
Microwave  Section 

North  American  Aviation,  Inc. 

122lh  Lakewood  Boulevard 
Downey,  California 

Attn:  Technical  Information  Center  (495-12) 
Space  &  Information  Systems  Division 

North  American  Aviation,  InC, 

Los  Angeles  International  Airport 
Los  Angeles  I|.5,  California 
Attn:  Engineering  Technical  File 

Northrop  Corporation 
Norair  Division 
1001  E.  Broadway 
Hawthorne,  California 

Attn:  Mi*.  E,  A.  Freitas,  Library  Dept.  3145 

Page  Communications  Engineers,  3nc, 

2001  Wisconsin  Avenue,  N.W. 

Washington  7,  D.C, 

Attn:  (Mrs.)  Ruth  Ter^le,  Librarian 

Philco  Corporation 
Research  Division 
Union  Meeting  Pond 
Blue  Bell,  Pennsylvania 
Attn:  Research  Librarian 
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Pickard  and  Burns,  Inc. 

2I4.O  Higliland  Avenue 
Needham  9hj  Massachusetts 
Attn;  Dr.  Richard  H.  Woodward 

Polytechnic  Research  &  Development  Go,,  Inc, 

202  Tillary  Street 
Brooklyn  1,  New  York 
Attn;  Technical  Library 

Radiation  Engineering  Laboratory 
Main  Street 
Maynard,  Massachusetts 
Attn;  Dr,  John  Ruze 

Radiation,  Inc. 

Melbourne,  Florida 

Attn;  R  F  Systems  Division 

Technical  Information  Center 

Radiation  Systems,  Inc. 
lli;0  Swann  Avenue 
Alexandria,  Virginia 
Attn;  Library 

RCA  Laboratories 

David  Sarnoff  Research  Center 

Princeton,  New  Jersey 

Attn;  Miss  Fern  Cloak,  Librarian 

Radio  Corporation  of  America 
Defense  Electronic  Products 
Building  10,  Floor  7 
Camden  2,  New  Jersey 

Attn:  Mir.  Harold  J.  Schrader,  Staff  Engineer 

Organization  of  Chief  Technical  Administrator 

Radio  Corporation  of  America 
Surface  Communications  Systems  Laboratory 
7^  Varick  Street 
New  York  13,  New  York 
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Radio  Corporation  of  America 

West  Coast  Missile  and  Surface  Radar  Division 

Engineering  Libraiy 

BuHding  306/2 

Attn:  L.  R.  Hund,  Librarian 
8500  Balboa  Boulevard 
Van  Nuys,  California 

Radio  Corporation  of  America 
Defense  Electronic  Products 
Advanced  Military  Systems 
Princeton,  New  Jersey 
Attn:  Mr.  David  Shore 

Director,  USAF  Project  RAND 
Via:  AF  Liaison  Office 
The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  California 

The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  California 
Attn:  Technical  Library 

Rantec  Corporation 

23999  Ventura  Boulevard 

Calabasas,  California 

Attn:  Grace  Keener,  Office  Manager 

Raytheon  Company 

Wayland  Laboratory 

Wayland,  Massachusetts 

Attn:  Miss  Alice  G.  Anderson,  Librarian 

Raytheon  Coit^jany 
Missile  Systems  Division 
Hartwell  Road 
Bedford,  Massachusetts 
Attn:  I3onald  H.  Archer 


No.  of  Copies 

1 

1 

1 

1 

1 

1 

1 


AP  4561/12 


List  S-S 


page  16 


ORGANIZATION 


No,  of  Copies 


Republic  Aviation  Corporation  1 

Farmingdale ,  Long  Island,  New  York 
Attn:  Engineering  Library 

Sanders  Associates,  Inc,  1 

95  Canal  Street 
Nashua,  New  Hampshire 
Attn:  Mr.  Norman  R,  Wild 

Sandia  Corporation  1 

Sandia  Base 

P.  0.  Box  5800 

Alburque,  New  Mexico 

Attn:  Classified  Document  Division 

Sandia  Corporation  1 

Attn:  Organization  lU23 
Sandia  Base 
Alburque,  New  Mexico 

Scanwell  Laboratories,  Inc.  1 

6601  Scanwell  Lane 
Springfield,  Virginia 

STL  Technical  Library  1 

Document  Acquisitions 

Space  Technology  Laboratories,  Inc. 

P.  0.  Box  95001 

Los  Angeles  li5,  California 

Sperry  Gyroscope  Company  1 

Great  Neck,  Long  Island,  New  York 
Attn:  Florence  ¥.  Turnbull 
Engineering  Librarian 

Stanford  Research  Institute  1 

Documents  Center 
Menlo  Park,  California. 

Attn:  Acquisitions 
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Sylvania  Electric  Products,  Inc. 

100  First  Avenue 
Waltham  Massachusetts 

Attn:  Charles  A.  Thornhill,  Report  Librarian 
Waltham  Laboratories  Library 

Sylvania  Reconnaissance  Systems  Lab, 

Box  188 

Mountain  View,  California 
Attn;  Marvin  D.  Waldman 

TRQ,  Inc. 

UOO  Border  Street 

East  Boston,  Massachusetts 

Attn:  Dr.  Alan  F,  Kay 

A,  S.  Thomas,  Inc, 

3^5  Providence  Highway 
Westwood,  Massachusetts 
Attn;  A.  S.  Thomas,  President 

Texas  Instnments,  Inc, 

6000  Lemmon  Avenue 
Dallas  Texas 
Attn:  John  B,  Travis 

Systems  Planning  Branch 

Westinghouse  Electric  Corp, 

Electronics  Division 
Friendship  Int'l  Airport  Box  1897 
Baltimore  3^  Maryland 

Brown  University 

Department  of  Electrical  Engineering 
Providence,  Rhode  Island 
Attn;  Dr.  C.  M.  Angulo 

California  Institute  of  Technology 
Jet  Propulsion  Laboratory 
I4.8OO  Oak  Grove  Drive 
Pasadena,  California 
Attn;  Mr.  I.  E.  Mewlan 
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California  Institute  of  Technology  1 

1201  E.  California  Street 
Pasadena,  California 
Attn:  Dr.  C,  Papas 

Space  Sciences  Laboratory  1 

Leuschner  Observatory 
University  of  California 
Berkeley  it,  California 

Attn;  Dr,  Samuel  Silver,  Professor  of  Engineering  Science 
and  Director,  Space  Sciences  Laboratory 

University  of  California  1 

Electronics  Research  Lab. 

332  Cory  Hall 
Berkeley  it,  California 
Attn;  J,  R.  Whinnery 

University  of  Southern  California  1 

University  Park 

Los  Angeles,  California 

Attn:  Dr.  Raymond  L.  Chuan 

Director,  Engineering  Center 

Case  Institute  of  Technology  1 

Electrical  Engineering  Department 
10900  Euclid  Avenue 
Cleveland,  Ohio 

Attn;  Professor  Robert  Plonsey 

Columbia  University  1 

Department  of  Electrical  Engineering 

Iforningside  Heights 

New  York,  New  York 

Attn;  Dr.  Schlesinger 

University  of  Southern  California  1 

University  Park 

Los  Angeles  7,  California 

Attn;  Z.  A.  Kaprielian 

Associate  Professor  of  Electrical  Engineering 
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Cornell  UnlTersity 

School  of  Electrical  Engineering 

Ithaca,  New  York 

Attn:  Professor  G.  C,  Dalman 

University  of  Florida 

Department  of  Electrical  Engineering 

Gainesville,  Florida 

Attn;  Professor  M.  H.  Latour,  Library 

Library 

Georgia  Technology  Research  Institute 
Engineering  Experiment  Station 
722  Cherry  Street,  N.W. 

Atlanta,  Georgia 

Attn;  Mrs,  J.  H.  Crosland,  Librarian 

Harvard  University 
Technical  Reports  Collection 
Gordon  McKay  Library 
303  Pierce  Hall 
Oxford  Street 

Cambridge  38,  Massachusetts 
Attn:  Librarian 

University  of  Illinois 
Docviments  Division  Library 
Urbana,  Illinois 

University  of  Illihois 
College  of  Engineering 
Urbana,  Illinois 

Attn;  Dr.  P.  E.  Mayes,  Department  of 
Electrical  Engineering 

Illinois  Institute  of  Technology 
3301  S.  Dearborn  Street 
Chicago  16,  Illinois 
Attn:  Dr.  George  I.  Cohn 
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Illinois  institute  of  Technology 
Technology  Center 

Department  of  Electrical  Engineering 
Chicago  l6,  Illinois 
Attn:  Paul  C.  Yuen 

Electronics  Research  Laboratory 

The  John  Hopkins  University 
Homevrood  Campus 
Baltimore  l8,  Maryland 

Attn;  Dr.  Donald  E.  Kerr^  Department  of  Physics 

The  Johns  Hopkins  University 
Applied  Physics  Laboratory 
8621  Georgia  Avenue 
Silver  Spring,  Maryland 
Attn:  Mr.  George  L.  Seielstad 

University  of  Kansas 
Electrical  Engineering  Department 
Lawrence,  Kansas 
Attn:  Dr.  H,  Unz 

Lowell  Technological  Institute 

Research  Foundation 

P.  0.  Box  709 

Lowell,  Massachusetts 

Attn:  Dr.  Charles  R.  Mingins 

Massachusetts  Institute  of  Technology 
Research  Laboratory  of  Electronics 
Building  26,  Room  327 
Cambridge  39,  Massachusetts 
Attn:  John  H,  Hewitt 

Massachusetts  Institute  of  Technology 
Lincoln  Laboratory 
P.  0.  Box  73 

Lexington  73,  Massachusetts 
Attn;  Mary  A.  Granese,  Librarian 
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McGill  University 

Montreal^,  Canada 

Attn;  Professor  G.  A.  ¥oonton 

Director,  The  Eaton  Electronics 
Research  Laboratory 

University  of  Michigan 
Electronic  Defense  Group 
Engineering  Research  Institute 
Ann  Arbor,  Michigan 
Attn:  J.  A.  Boyd,  Supervisor 

University  of  Michigan 
Engineering  Research  Institute 
Willow  Run  Laboratories 
Willow  Run  Airport 
Tpsilanti,  Michigan 
Attn ;  Librarian 

University  of  Minnesota 

Minneapolis  lit,  Minnesota 

Attn:  Mr«  Robert  H.  Stumm,  Library 

Physical  Science  Laboratory 
New  Mexico  College  of  Agriculture 
and  Mechanics  Arts 
State  College,  New  Mexico 
Attn:  Mr,  H.  W.  Haas 

New  York  University 
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